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motrice (Cruse et al., 2011). Dans la seconde étude, il n’a pas été possible
d’établir une communication fonctionnelle utilisant un protocole d’ICM basé
sur l’enregistrement de la P3 auditive chez 16 patients en EVou en ECM. Chez
un patient en ECM, il a été possible de détecter une modulation du signal
cérébral lors d’un traitement « hors-ligne ».
Discussion–Conclusion.– L’utilisation de l’IRMf apparaît limitée pour la
pratique clinique compte tenu des contre-indications liées à la présence de
matériel ferromagnétique, au nombre faible de patients répondeurs, et à la
nécessité inhérente de l’IRM. La faisabilité de l’EEG semble meilleure avec la
possibilité d’enregistrements au lit du malade même si cette technique pourrait
être utile chez une minorité de patients ayant un trouble de conscience. Plusieurs
facteurs pourraient expliquer ces résultats : sévérité du trouble de conscience,
manque de sensibilité de la technique, signal cérébral modifié. Le défi est de
sélectionner les meilleurs candidats, d’améliorer l’efficacité, la facilité
d’utilisation et le coût de ces techniques.
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Un marqueur neurophysiologique bien connu et facilement observable en
électroencéphalographie (EEG) est le P300 : une onde positive qui survient
environ 300 ms après le stimulus pertinent. Cette réponse cérébrale est
particulièrement ample lorsque le stimulus cible est rare parmi une série de
stimuli non pertinents, et ce quelle que soit la modalité sensorielle. C’est
pourquoi de nombreuses études se sont intéressées à l’utilisation de ce signal, en
temps réel, pour tenter d’établir une communication directe entre le cerveau et
un ordinateur. L’ICM non invasive la plus aboutie s’appuyant sur ce principe est
celle du P300-speller, une interface de communication. Cependant, il reste
encore à démontrer que cette ICM pourra être suffisamment efficace et robuste
pour être utilisée de manière profitable et routinière par certains patients.
À travers une série de travaux théoriques et expérimentaux sur ce même
paradigme, nous avons exploré plusieurs voies complémentaires pour tenter de
repousser les limites actuelles de cette ICM non invasive. Nous résumerons ces
avancées et les résultats obtenus. De manière importante, ces développements
sont généralisables à la plupart des ICM non invasives. De plus, ils concernent
les principales composantes de la boucle fermée formée par ces ICM,
notamment :
– la simplification du dispositif expérimental et de sa mise en œuvre ;
– l’amélioration des performances grâce à la détection et à la correction
automatique d’erreurs ;
– l’optimisation du compromis temps-précision grâce à l’implémentation d’une
machine adaptative.
Ces évaluations ont été principalement menées chez des volontaires sains. Nous
conclurons en évoquant leurs perspectives pour les applications cliniques.
http://dx.doi.org/10.1016/j.rehab.2013.07.958
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In the European integrated project TOBI, we have started to combine brain–
computer interfaces (BCI) and assistive technologies [2] in order to develop a
variety of practical devices for motor-disabled people. These brain-controlled
prototypes range from text entry systems, to telepresence robots and to
rehabilitation devices. In total, these prototypes have been tested by 19 end-users
and patients suffering from mild to severe levels of motor impairment.
Importantly, tests have been mostly carried out by non-BCI experts outside our
lab. In particular, experiments took place at the patients’ clinic (in the case of
rehabilitation) and end-users’ home or an assistive technology support center [1].
All three BCI devices are based on the voluntary modulation of electrical
rhythmic brain activity measured with electroencephalogram (EEG). The BCI
differentiates between two motor imagery tasks, plus intentional non-control.
This is achieved through the use of a probabilistic classifier with evidence
accumulation [1,3].
A central concern in our research is how to facilitate the operation of brain-
controlled devices over long periods of time. This is a challenging problem due
to the limited (and variable) information carried by brain signals we can
measure, no matter the recording modality. I will argue that efficient brain–
computer interaction, as the execution of voluntary movements, requires the
integration of several parts of the CNS and the external actuators.
In this talk, I will summarize this work and the main lessons learned from this
major effort, highlighting new principles incorporated in the brain-controlled
devices.
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Several recent studies on BMI in completely locked in-patients with
amyotrophic lateral sclerosis are reported, demonstrating insufficient EEG
and ECoG control of language devices but sufficient communication rate with
near infrared spectroscopy-based classical conditioning.
A controlled outcome study with chronic stroke without residual movement
capacities using sensorimotor EEG BMI showed clinically and statistically
relevant improvements if combined with behavioral physiotherapy.
http://dx.doi.org/10.1016/j.rehab.2013.07.961
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Introduction.– The reestablishment of communication is one of the main goals
for patients with disorders of consciousness (DOC). It is now established that
many DOC patients retain the ability to process stimuli of varying complexity
even in the absence of behavioral response. Motor impairment, fatigue,
attention disorders might contribute to the difficulty of communication and
could be substituted by a brain computer interface (BCI) device.
Methods.– Review of the current literature of BCI applications for
communication purposes (following commands, yes-no code, spelling simple
words) in DOC patients using functional magnetic resonance imaging (fMRI) or
electroencephalography (EEG). Results are critically analyzed in a clinical
perspective.
Results.– One fMRI study assessed the ability to generate wilful responses
during two mental-imagery tasks (Monti et al., 2010). Only one of the 54
DOC patients included was able to use this technique to answer yes or no to
questions during fMRI. Two studies investigated a BCI device based on the
EEG signal in DOC patients. Cruse et al. (2011) recorded sensori-motor
brain activity generated by two motor imagery tasks in 16 VS patients. Three
patients demonstrated the ability to modulate their brain activity. In another
study, a P3 auditory BCI paradigm was developed (Lulé et al., 2013). None
of the 16 DOC patients could demonstrate a functional communication
using this device. In one MCS patient, it was possible to detect offline
commands.
Discussion–Conclusion.– The use of fMRI appears limited from a clinical point
of view given the exclusion criteria associated with paramagnetic effects of
MRI, the low rate of responders and the lack of portability. The EEG seems
more feasible with possible BCI applications at the patient’s bedside but
concerns a minority of DOC patients. The global inconsistency of current
results can be explained by several factors: lack of awareness of DOC patients,
lack of sensitivity of the technique, atypical pattern of brain activity. The
challenge is to select the best candidates, to improve the efficiency, portability
and cost of these techniques.
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A well-known neurophysiological marker that can easily be captured with
electroencephalography (EEG) is the so-called P300: a positive signal
deflection occurring at about 300 ms after the relevant stimulus. This brain
response is particularly salient when the target stimulus is rare among a series of
distracting stimuli, whatever the type of sensory input. Therefore, it has been
proposed and extensively studied as a possible feature for direct brain-computer
communication. The most advanced non-invasive BCI application based on this
principle is the P300-speller. However, it is still a matter of debate whether this
application will prove relevant to any population of patients.
In a series of theoretical and empirical studies, we have been using this P300-based
paradigm to push forward the performance of non-invasive BCI. We will summarize
the proposed improvements and obtained results. Importantly, they could be
generalized to many kinds of BCI, beyond this particular application. Moreover, they
relate to most of the key components of a closed-loop BCI, namely:
–simplifying the hardware and time for set-up in the aim of routine use in
patients;
–improving the accuracy of the system by trying to detect and correct for errors
automatically;
–optimizing the computer’s speed-accuracy trade-off by endowing it with
adaptive behavior.
Most of those evaluations have been realized in healthy subjects. We will
conclude on the ensuing perspectives for clinical applications.
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